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Since many different computers on the market today claim to perform the
same class of tasks, and no uniform criterion has been established to aid the
decision-making process, the problem of how to select the “best” computer for
a particular job mix becomes almost a matter of personal preference and chance.
One technique for evaluating the performance of a central processing unit is
based on the frequency of usage of the various machine instructions. This tech-
nique is particularly applicable to machines used in a dedicated process-control
activity such as those of the DSN Tracking Stations. This article describes a pro-
gram which has been written for the Sigma 5 computer to gather data on the
dynamic usage of computer instructions in various tasks.

I. Introduction

The technique for evaluating the performance of a
central processing unit based on the frequency of usage
of the various machine instructions is particularly ap-
plicable to machines used in a dedicated process-control
activity such as those of the DSN Tracking Stations. This
article describes a program written for the Sigma 5 com-
puter to gather data on the dynamic usage of computer
instructions in various tasks. Results of a study using
this program are described in a companion article by
Layland and Klimasauskas?.

This data gathering program is named MR¢¢7, and
its overall operation is described in Section II. Subse-
quent sections include instructions for MR¢¢7 operation,
and for attaching it to various types of user programs; a
description of the format in which the data gathered are
written into a disk file; and a description of error con-
ditions which may be encountered, and their associated
messages. Section V describes in some detail the set of

1Layland, J. W., and Klimasauskas, C. C., A Myopic View of Com-
puter-Based System Design (to be published).
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programs which have been used to transform the data
gathered by MR¢¢7 into a visually meaningful format,
and presents an example of that output format.

Il. The Interpreter

MR¢47 is an interpretive executor which dynamically
tabulates instruction usage. The entire problem-solving
repertoire of Sigma 5 instructions is allowed.? Results
from program execution are stored in a disk file for
further analysis. Instructions which communicate with
the monitor (CAL:s) are limited to background mode only.
Monitor CALs dealing with interrupts, program control
transfers, and traps are excluded.

MR¢¢7 may be tailored to operate in either a Batch
Processing Monitor (BPM) or a Batch Timesharing Mon-
itor (BTM) environment through an assembly control
parameter. This parameter (P:USER), when set equal to
:BPM, produces code to interpret BPM monitor CALs.

2These do not include control, and input/output instructions.
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When set equal to :BTM, it produces code to interpret
BTM monitor CALs.

Since this program was designed as a tool to study a
wide range of problems, certain features (described in
Section VI) were not considered of sufficient importance
to warrant implementation. If these or other features
(such as foreground CALs) must be used, their code may
be bypassed through the use of a HOLD-GO pair (see
Section III).

To facilitate analysis of data from MR¢¢7, a series of
programs have been written which transform the data
into informative formats. These are described in Sec-
tion V.

I1i. Operating Instructions
A. FORTRAN Programs

MR¢¢7 is easily attached to any extended FORTRAN
IV program. To activate it, simply use this statement:

CALL MRg¢¢7

STOP

If it is desired to deactivate MR¢¢7 with intentions of
restarting it, use the following sequence:

CALL MRg¢7

Program executed under control of
MRe¢e¢7

#% KK

CALL HOLD

. Program executed without control of
: MR 47

CALL GO
* Program executed under control of
¥ MR¢¢7

STOP

MR¢¢7 also provides the option of writing its current
data tables to M:EQ, clearing them, and relinquishing
control of the program. This effectively provides the user
the capability of selectively looking at the instruction
repertoire of several very different portions of the pro-
gram. A word of caution: MR¢¢7 must be in control of
the program when it exits to the monitor. If MR¢¢7 is
not in control when the program is to be terminated, the
data file will be lost. To close and save the output file,
use “CALL WDATCLSE.” This routine will exit to the
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monitor on closing the file. Note that all user output files
which are open will be lost. A sample sequence is:

CALL MR¢e7
Program executed under MR¢¢7
control

* %%

CALL MRg¢e7

Data tables written to

M:EO (“DEXEC”), cleared, and
control relinquished

Program executed without control

% of MRgg7
CALL MRg¢g¢7
% Program executed under MR¢¢7
: control
CALL MRg¢g¢7
. Data tables written to
: M:EO (“DEXEC”), cleared, and
. control relinquished
CALL MRg¢g7
STOP

End sequence giving MR¢$7
control

It is allowable to use any number of HOLD-GO pairs
within a MR¢¢7 pair.

B. Assembly Programs

MR¢¢7 is attached to assembly programs using the
assembly language equivalent of the FORTRAN calling
sequences above, namely:

CALL MRg¢e7
is replaced by
REF MRge7
LLl4 0
BAL,15 MR¢¢7

CALL GO
is replaced by
REF GO
LLl4 O
BAL15 GO

CALL HOLD
is replaced by
REF HOLD
LL14 O
BAL,15 HOLD

STOP
is replaced by
M:EXIT
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IV. Data Record Format

MRe¢¢7 writes the data tables to a disk file (“DEXEC”)
through the M:EO DCB. The DCB does not need to be
assigned through an ASSIGN card, nor should it be. For
each MR¢¢7 pair and for the MR¢¢7-STOP pair, a data
record is written, If data already exist in file “DEXEC,”
they will be lost. The format of each record is as shown
in Fig. 1.

V. Support Programs

To facilitate the analysis of data from MR¢¢7, a num-
ber of support programs have been written to transform
the data to usable and meaningful terms. These programs
are briefly described below.

A. PUNCH

PUNCH is a FORTRAN program which takes the file
DEXEC produced by MR¢¢7 and generates records in
the standard binary format acceptable to FORTRAN IV.
It uses an assembly language subroutine RDATA to read
the data blocks produced by MR¢¢7. Figure 2 describes
the actions of PUNCH.

After each logical record is written, a !EOD is written.
After the last logical record, two !EODs are written (an
EOF).

B. Subroutine GETREC

GETREC is a FORTRAN subroutine which reads
records produced by PUNCH into a data array. It tests
sense switch 1 to determine the source device. The call-
ing sequence is

CALL GETREC (IDAT(1), IDATL,999S)

when

IDAT(1) is the first element of the storage area. IDATL
is the number of words to be read intc the data storage
area (currently 545), 999S is the address to which the
routine will return when an end of all data (a double
IEOD on the card reader, or an EOF on the DISK)
is encountered.

If sense switch 1 is reset,

Data will be read from the Card Reader through F:8.
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If sense switch 1 is set,

Data will be read from the DISK (DPEXEC) through
F:7.

Figure 3 is a diagramatic overview of GETREC.

C. ACCTNG

ACCTNG is a FORTRAN program which produces a
graphical summary of the execution data. The summary?
consists of the following sections:

(I) Complete execution summary—AIll data are dis-
displayed.

(1) Instruction usage summary (Fig. 4)

The bar graph for the execution of an instruc-
tion shown in Fig. 4 is relative to the most used
instruction. The bar graphs for indirect address-
ing (*), indexing (X), and indexed indirect ad-
dressing (*X) are relative to 100%. Unused
instructions and addressing modes are not shown.

(2) Register usage summary
REGISTER USAGE refers to use of a register
as an operand. INDEX REGISTER USAGE re-
fers to use of a register for indexing. Bar graphs
in each section are relative to the most used
register in that section, as may be seen in Fig. 5.

(3) Execution classes
This is a one-page summary (see Fig. 6) of
instruction usage. It is self-explanatory. Instruc-
tions are listed by their standard mnemonics.

(II) Condensed summary—Selected data are displayed

(1) Instruction usage summary
The condensed instruction usage summary is
almost identical to the instruction usage sum-
mary. However, only instructions used more than
0.9% are listed, and the bar graphs for indirect,
indexed, and indexed indirect addressing are

relative to the individual instruction usage (see
Fig. 7).

(2) Instruction overview
The instruction overview is a bar graph on a
logarithmic scale of instruction usage. Instruc-

3The example used in this section is the execution of an optimized

assembly language, FFT, written by Dr. Howard Rumsey. The
FFT was executed twice in succession on a 256-point complex-
element array.
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tion mnemonics are on the bottom of the graph,
and the corresponding usage is above. If an
instruction was used at all, though not enough
to appear on the graph, it has a “#” on the 1%
grid. The total number of instructions is dis-
played on the 100% grid (see Fig. 8).

An instruction overview may be very reveal-
ing. Figure 8 shows an overview for an optimized
assembly language FFT. Figure 9 shows an over-
view for an optimized FORTRAN IV FFT. Both
were used to do a double transform on a 256-
point complex-data array, and both were written
by a highly skilled programmer. The FORTRAN
program required almost twice as many instruc-
tions to do the transform as the assembly pro-
gram. However, the absolute usage of floating
point instructions is about the same (9-15% for
assembly, 2 X 5-7% for FORTRAN).

ACCTNG will suppress all but the instruction over-
view if sense switch 2 is set. ACCTNG gets data through
the subroutine GETREC (described in Section VB). Ad-
ditionally, ACCTNG requires an index file to give it the
op codes and mnemonics of the instructions, and control
information for grouping the instructions together into
logical blocks. The format of records in this file is as
follows:

(1) Op code, 4-letter mnemonic (blanks are significant)
(2) Op code | sub code, 4-letter mnemonic

(3) O, blanks

ABORT AND WARNING FORMAT:

In this format,

Item (1) is the standard op code-mnemonic pair for
an instruction. For example, the STORE
REGISTER instruction, op code X35, would
be represented as “35,STW.”

Item (2) is for instructions which are actually a sub-
class of another instruction. In this case, the
two-digit location of the data for the subcode
is concatenated onto the two-digit op code.
For example, the unconditional branch in-
struction (BCR,0) has data describing it
stored in op code 01, and is represented as
“6801,B.”

Item (3) establishes the end of a logical instruction
group.

A diagrammatic summary of ACCTNG is shown in Fig, 10.

VI. Error Messages and Other Miscellany

The following is a brief description of error messages
and a possible explanation as to why they may occur,
followed by a discussion on some conditions which have
not been implemented and may cause program failure.

MR¢¢7 intercepts illegal and unimplemented instruc-
tions and gives a warning accordingly. MR¢¢7 also
aborts on CALs that are the object of an EXU instruc-
tion, and flags EXU instructions which are nested. These
events are accompanied by an error dump of the format
shown below.

RERRRRRRR
RRRRRRRR
RRRRRRRR

HHHHHHHH

Reé,RBLK¢
RRRRRRRR RRRRRRRR RRRRRRRR
RRRRRRRR RRRRRRRR RRRRRRRR
RRRRRRRR RRRRRRRR RRRRRRRR
RRRRRRRR RRRRRRRR RRRRRRRR

Re,RBLK1
RRRRRRRR RRRRRRRR RRRRRRRR
RRRRRRRR RRRRRRRR RRRRRRRR
RRRRRRRR RRRRRRRR RRRRRRRR
RRRRRRRR RRRRRRRR RRRRRRRR
LLLLLLLL IITIIIII EEEEEEEE
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RRRRRERR

RRRRRRRR
RRRRRRRR
RRRRRRRR
RRRRRRRR

CCoooddd

179



when
RBLK¢
RBLK1

— Register block zero — the program register block.

— Register block one — MR¢¢7 register block (or pseudo-register block).

RRRRRRRR — Hexadecimal contents of the register.

LLLLLLLL — Location of offending instruction.

IITIIIII — Offending instruction.

EEEEEEEE — SR3 from the last CAL 1 which aborted or errored.
CCo¢opppdd — BYTE ¢ contains the current condition code and floating control.

ERROR HEADERS (“HHHHHHHH” from above)

“ABRT CAL” — A CAL without an ERR/ABN exit has returned through the ERR/ABN exit with an
abort level error code. — Abort.

“BAD CAL~
“PRIV INS”

— Anillegal CAL or a CAL with an illegal FPT code has been encountered. — Abort.

— An attempt has been made to execute a privileged instruction. — Abort.

“DATA INS” — An illegal/unimplemented instruction has been encountered. This includes CAL2 and
CAL4 in BTM and CAL2, CAL3, CAL4 in BPM. — Abort.

“EXU CAL”

— An attempt to execute a CAL has been made. — Abort.

“EXU EXU” — More than one level of EXU instruction. — Warning.

Miscellaneous Information

FPTs which are longer than 40 words will be trun-
cated to 40 words. If there are any FPTs in the user pro-
gram longer than 40 words, they should be reduced to
40 words or less.

SNAP CALs inserted by the monitor have their FPTs
in 01 protection type. Since MR¢¢7 currently modifies
the FPT, the monitor will abort on a memory protection
violation when the SNAP is encountered. Therefore,
ISNAP cards cannot be used in a region of the program
to be executed by MR¢¢7. (M:SNAP FPTs are in 00 pro-
tection-type memory, and may be used.)

Since MR¢¢7 uses the M:EO DCB for saving data, this
DCB must not be used by the program. Further, to insure
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that the file (DEXEC) written through the M:EO DCB
is not destroyed, the user must

(1) exit to the monitor (through an M:EXIT, M:XXX,
or M:ERR) while under the control of MR¢¢7

or

(2) exit to the monitor via
CALL WDATCLSE

or
REF WDATCLSE
B WDATCLSE

This closes the M:EO DCB with SAVE. All unclosed user
output files are lost.

JPL TECHNICAL REPORT 32-1526, VOL. XII



WORD 0

127
128

255
256

383
384

511
512
519
520

535
536
537
540
541
544

INSTRUCTION® EXECUTION COUNT

1 INSTRUCTION® EXECUTION COUNT - INDIRECT
ADDRESSING MODE

INSTRUCTION® EXECUTION COUNT ~ INDEXED
ADDRESSING MODE

INSTRUCTION® EXECUTION COUNT — INDEXED
INDIRECT ADDRESSING MODE

INDEX REGISTER USAGE

SYSTEM REGISTER USAGE

INDIRECT ADDRESSING COUNT

CALL, SUBTYPE 1, 2, 3, 8 COUNT

CALI, SUBTYPE 1, 2, 3, 8 EXECUTION
TIME IN MILLIMINUTES

[N\, SSRGS N

% AN ADDITIONAL INSTRUCTION SUBCLASS (BCR, O)
HAS BEEN ASSIGNED OP CODE X'01.

Fig. 1. Data record format for DEXEC
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INPUT

DIsSK

"DEXEC"

F:9

READ
DATA

DATA

RDATA READ

END-
OF-FILE

QUTPUT
CARDS
F:8 25-WORD/
CARD RECORDS
PUNCH
F:7

F:7, F:8, F:9 MUST ALL BE ASSIGNED AT LOAD AND EXECUTION TIME.

PUNCH

Fig. 2. Overview of PUNCH

DISK

F:7 SENSE SWITCH
1 SET

P8l CARDS s SENSE SWITCH
1 RESET

READ
DATA

GETREC

DATA
READ

MAIN

END-
OF-FILE

Fig. 3. Operational diagram of GETREC

PROGRAM
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€LCCCLLLLLLLLILLLLLLLLLLLLLLLLLLLLLLLLLCLLCLLLLLLKLLLLEDIBIDRIDIDIBIBIEIIDD3533333333353533 333353555335 353>>>3>

<
<
<

>
#nkanunun® CAMPLETE SUMMARY #wxwsuwxss RECORD # 1 >
>

€LLLLLLLLLCLLLLCLLLLLLLLCLLLLLLLLL LK LLL LKL KLLLLLLLLKLCLEIDIDIDDDDIDIIIIDIRD332D33233533353533333333353335335>5>

INSTRUCTIAN (SAGE SUMMARY ww GRAFWICAL
8P w MNEUMBNIC « REL USAGE = ARS LISAGE

INDIRECT ADDRESSING!
INDEXING!

REL USARE = ABS USAGE
REL USAGE « ABS USAGF

INDIECT AND INDEXING! REL USAGF = ABS LSAGE

EE'LI
72sL.B

32w W

12=LD

3peLAW

75=578

I5w8TW

15=STD

14690%,
«015%,

» 88289%,
X 11e11%,
64825%,

* 24009%,
X 24e27%s
Y 23¢88%
13¢677%:

- 47006%
X 52¢92%s
*X  H47¢06%,
2202%
s004%s

X 100200%,
4e325%,

» 37421%,
X 3757%,
#x  37+21%,
64690%2

» G6922%s
X 939s23%,
*X  96+22%,

1075 nsunnns

9
8: l*l"&*’***}”i*‘”i‘**'l'-"“G‘"I.QQ‘*’*i.i'ﬁ'{‘*llﬂ"ﬁ‘*'“*ﬁ."l‘l*“*{"*
Tindasnusw

L L o Y R L e L T
1046 awansntnnsinuntituns
TOBU kMU R NN RGN0 00N
O YA R T

L R L L L e e L Y T T R Y T e T Y e 2
BOOBTHERA RS R F RN R R R A DR R AR AR BRI RN RN AR

L YR R F R R e e T R e T S S AR RS S 2

L Y R R e Y L Y T T R T T Y PP S ]

1281

23

AL I IR TR TN TR R 2T T R ey X Y Y e e R 2 2 Y R T R Y T Y T XY TR TR T P P ey

27B2 N uh AR AR RN R N

I L R R Lt T L LR T F T g 3 Y
IO EEIZ SRS R YT TR L L T 202 AR T R AN
O R L R AL T X T IS T E Y e

LELYARTTI ST YR ETTE L L T LY TS Y T P

L T T T R e L L R g e N T R Z R 2 PN T T L T TR TR TR LT T e gy ¥

L A I R Y R R T R 2 2 Y Ty L g v o S T e T T Y R P Ty Y e e e X 2" oM
L R Ry ey L Ly L ey L g e e L L Ny e I e T L Y )

HERBARHURLGRUURARARBAHHBBRRARN

20sAl
30eAW
10°AD
38esW
37 wMw

36=DW

24287%,
2¢025%,
3e244%,
2002%,
1005%,
«030%,

1455 xunnnndtun
1288 unnnnntun
20ALE R uRRR RN AR RN
1!
3t

198

HURAUHRUR NI RUENERA RSB RERBY

73eMTR

s406%s

28581«

HUNUBUBRRAERBRBRGUIBLBYEH R RA

21CY
31«Cuw

19=CLM

WBOUX,

64689%,
X *+19%,

0203%,

511nwn

LAl S T T T R EA L TSR Y L T P PRR ¥ Py

81

1291

KHUNBARNBRYNRAEHBABB B YRR AR

Fig. 4. Complete summary format from ACCTNG
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49wBR D04%, 21
#BeERR *610%, 3RBIww
4BeAND 2007%, 44
BANBUHBUHGURERUG BRI RRARURIRN
25«8 +827%» LR T XY
24wsF 406%s PERIN

HUNNAABIN Y RBEREHALBARUR RN R

3D=FAS 10+556%, YAV A T I L T T P T L R L R e e T L e

1D=F AL »398%, 2833«

3CF§S 9+952%, BB AN AR AR RS RN B RN AR R AR R AR R R AR RER AR R AR RN AN N

3FeFMS 17+489%, R I T YT TIT Y e yveppngpney gy sy e e T AR 22 R Ty e R AT R R A L S S S A s L)
* ha858%, 5108 w#u

1FwFML *398%, 2531«

3E«FNS 2004%, 2t

BHBNRANRRAURBRHBRR AR HRR RN

69«88 5e854%, KV IR LR TSR s R L YR R AT )
68=BCR 3:¢536X%, 220 unnnnaRRuun AN
* e71%s 16!
X 23029%, Bl askanuntansusrsitug
*X + 09X, 23
01 B BUb%, 53R wns
) 2:97%, 168un
X 97+21%, L Ly T Y TL Y Y ey e e PR R EA S N e R R I R TR S e e L
X 0 37%,
64«BDR «002%, 11
SAmBAL e848B%, B39 wns

AUURBURRHAERBUBERE DB UG BBHA RN
O4eCaAll 2005%, 3!

WHRBAAHBRRE RN AR RS

CAL1,1 «Q08BMIN, AT T T LT T LTy g Ry o Ty e S e e a2 2L
CAl.1,21 *»Q0OMIN, o's
CAL1,3¢ »O0OMINS Ots
CALL1.8: *OOCMIN, ors

Fig. 4. (contd)
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REGISTER I!SAGE!

[e 3R] «000%, ot
!
1 » 1.877%, 1077 sunns
IEET A 22
2w Be9R7X, I I T T T

HEETRE PR TR LIy ¥ 3 Ty ey

3w 1e795%, 1030 % anus
HEE YRS
4 r  74999%, PR T Y T e R 2

TRERRR AR AR R AR AR LR RRR RN

5 w 2 004X, 2%
!
6 = «915%, BR5 %%
R
T » Le7R4X, 10P4eunun
Taanen
& = 254990X%, I R T L e ey e R R SR AL e T R e s R R TS IR 22

I RTINS R L 2N PR TSt L PR R R F S R L e R e T R R R L 22 2R SR R AR Y 2L 2SR S )

9 = 9e556%, [ LR L L T I L I T ey
AT Z R XL ST FL AR PRI AL S 22 S 22

A w 170B44%, P Y - AR TR R E TR YL Y PP YRS Y R L TR L e L T R Y Y e Py I AR T T XY XL Y
R Y Tt e e R Y Ty P L e T e Y PR RS R R TS L]

B e 7.152%, LS GLEET T T TET T E T R X
THRRUN PR R R A NI BN RN RN AW
C » 104704%, CLULIH RSP U MR R AW R E N RN RNl N RN RN

R A E T SRR T L R e L

D » 3:581%, 2ORSIaumutununny
THRRE R R ERAN
E w «901%, 5175 %n
tan
F e «gio%, 527 Lux
HE X

INDEX REGISTER USAGH!
1 v bebisgX, SR2Ihwuntannnn
R TY T YT

2 » 35.816%, ey ARy L e T L Y R e L e Ry R X E Y Y TR YLy
Ly L T TS g L g T L Yy XY ey 3

3 » 35.851X%, P AR T Y I Y Y R R T TR T VT TR T PR TR YT 2 R T Y T PR YT T L P Y YT YT R 2 TRy 2P e )
IRZ 2L LS R I S AR A Py SN R ey Ry Y e A e S A A I RS Y S S RS FT L 2 3

b v 1e197% 1371w
TS
5w «018%, 21
:
6 v  44593%, BRblauuntustnnn

Toummtydtynsn

7 » 17488%P%, A A A L T RS TR TY T AT Y Sy
AT T SR L R A e AR R Y P S L PR 2 Y

Fig. 5. Register usage summary format from ACCTNG
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TBTAL INDTRECTS = 10796
TETAL INSTRUCTIBNS EXECUTED

RELATIVE USAGE ©&F INDIRECT

UNUSED INSTRUCTIBN SULMMARY:

INSTRUCTTANS USED LESS THAN

INSTRUCTIBNS USED MBRE THAN

= 63636

ADPRFSSING « 169965 %

P200%2

«S0%1

LM
LCFY
INTY
MY
Fot
CAL?

Lt

FML

LY
(W

LCHW
LCF
Akt
MTw
PSW
CAL3

L8
CLM
FDS

Lw
FAS

| A
XW
SH
¢:]
PLW
rAl 4

LAW
8Rr

LD
Fss

Lew
STH
s
Ch
P&M

sT8
ERR
BRR

STW
FMS

LCo
51S
Ml
[o1>]
PLM

Sw
AND
BaAL

StD
BCs

LaD
STM
MH
cs
MSP

MW

S
Cald

Al
BCR

LS
STCF

CLR
EXU

Dw

AW

LM
ANLZ
AWM
FsL
BIR

MT8
FaL

AD

Fig. 6. Instruction class summary from ACCTNG
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<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<‘<<<<<<<<<<<(<<<>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>)>>>>>>>

< >
< sedanunnat CANNENSED S(IMMARY #sswxsxn#s RECORD # 1 >
< >

<<<<<<<<<<<<<<<<<<<<<<<<<<<<<(<<<<<<<<<<<<<<<(<<<<<<<(<>>>>>>)>>>>>>>>>)>>>>>>>>>)>>>>>)>>>>>>>>))>>>>>)>>>$>

INSTRUCYIAN USAGE SUMMARY »e GRAPHICAL

8P o MNEUMONIC = REL USAGE « ARS USAGE
{INDIRECT ADDRESSING! REL USAGE « ABS USAGE
INDEXING! REL USAGE « ABS USAGE

INDIECY AND INDEXING: REL USAGF « ABS USAGE

22e 1 14690%, 1075 snannut
I2mLw 60825%, BAUII At AR RN RN BB R BB R RN RN R NNy
» 24409%, 1046 nuununs
X 24227% 1054l nnnnnaw
#X 23¢88%, 1037 usnnnnue
12D 13+677%, Ly kR R Y R R Y L T Y T T P T Y T T Y Y PR Y T e e Ty )
* 47+406X%, [N IR ST TY TR Y 21 TR Y P IT T Y4
X 52092%, LXLIARE S P TR LIS TTIE AL ST ZRTTY Y £ L T 2
X  47406%, BOGET A0 0000200000900 300090 009835 9 2 g
35eSTW 4#4325%, 2TB2luninnatinsnnrtntnny
. 37+24%, 1024 suunnne
X 37457%, 1034 nwnnann
#X  37¢21%, 10248 nunnnas
15eSTD 6¢690%, LY I AR R L L T T L T T T T e
L 96022%s LR LTI T R 2T T T RRY PR ¥
X 99:23%, Y L R LR L e AT T T X 2 T T O ey g ey
*X  96+22X%, LLLETSETTT YT TS PR R T 1 222 PR rery e

HRUUBUNNR L GRUABEARBBUBNRR R

20wt 24287%, 1455 annnnnsnun
30=AW 24025%, 1288 wnunnntnn
10=AD 30244%, 2OA4 I ARunnad Ruunnne

KERRRABUBA IR BB BRRBBABBI UM

3leCwW 60689%, LA LAY TR P R TR YT T R LT TR PP e e ¥ ey
% ©19%, 8

HUMURANER GRS ROR A YA RIA

3D=FAS 10+¢556X, Y ARA R T LTI TTTYTE LT T P T I S e T 2T TP e ey

3CwF8S 9+952%, Lk kR Py P T T TR T YT T T T

3FafFMS 174489%s FE R L R L Y T L T T L L R g o g g I Y T T L T L L T T I r Ly praupvpeprpam
- 4e58%, E10lana

HRAREAARORARBUAG RN AR ER AN

69wBCS 5e854X%Xs Y- T T L TSR AL T PR YT )
68eRCR 3¢536%, 22BOI Mt ruRuE R bR h BN

- 071%, 161

X 23429%s SP4luns

X 2+ 09%, el

HENBURNABURRRAREURBE AL REN SR

Fig. 7. Condensed summary format from ACCTNG
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1 e * . wa - . % % * % 1
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LLLLLLLLLLLLLLLXSSSRSSS At AAAASSSMMMDDA MMM £CrCLrCC BEA SS FFFFFFFF PPPPM EBBBBAB CCCC
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HHWWDD  FF BRWDGMC LT M BhHw RM RD SLSLSLSL WWMMP USR RRL LLLL
1 F 2 1234

Fig. 8. Instruction overview of assembly-language FFT
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*
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*
»
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Sk bt b bt 2 bkt St i B bt Bt et et Pt bt St ok 6k bt P bk g 4 bttt

F' AASSMMDD SLSLS XCC IDA AAAA
M BrW RM RD SLSLSLSL WWMMP USR RRL LLLL
F 2z 1234

INPUT OPTIONS

SENSE SWITCH 1:

SET: F:7
(FILE, "DPEXEC")

RESET: F:8
(CARD READER)

Fig. 9. Instruction overview of FORTRAN FFT

INDEX LITERAL TABLE (DLIT10)

OQUTPUT OPTIONS

SSW ] =t

SENSE SWITCH 2:

READ DATA
SET: INSTRUCTION OVERVIEW ONLY
GETREC DATA READ ACCTING | S5W2
END-OF-FILE RESET: COMPLETE SUMMARY

F:7, F:8, F:10 MUST BE ASSIGNED AT BOTH LOAD AND EXECUTION TIME,

Fig. 10. Diagrammatic summary of ACCTNG
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